The studies on the spatial arrangement of plants in cross-seeding soybean system are scarce, and then needed to check if this seeding system has higher quality compared to conventional. In this context, the aimed of this study was to evaluate the quality of cross-seeding soybeans compared to conventional, through statistical process control. The experiment was conducted in the agricultural area of Jaboticabal -SP, using a mechanized set tractor-seeder precision with spacing of sowing row set to 0.45 m, and the experimental design completely randomized with 30 repetitions for treatment in conventional sowing and soybean cross. The variables or assessed quality indicators consisted of longitudinal distribution of seeds (normal spacing, defective and double) and final seedling stand. Soybean crop quality indicators are essential to carry out the monitoring of variability and factors that influence the operation. The normal spacing feature is outside the control limits, both for conventional sowing, and for cross-seeding in the main line.
Introduction
The estimated area for soybean crop in Brazil in the 2014/2015 season, for the most part by conventional seeding method, reached 31,334.9 million hectares, with potential to reach a productivity of 2976 kg ha -1 , which would result in a production of approximately 93,259.9 million Mg (CONAB, 2015) . In addition to the conventional seeding, there is the cross-seeding, consisting in the distribution of seeds in parallel rows, as is conventionally performed in soybeans, followed by a new seed distribution on the same area, with the new lines forming angles of 90° in relation to the previous. Thus, following a recommendation similar to conventional planting system for this crop, there is a doubling of the number of seeds per hectare and the amount of fertilizer applied , as well as the potential to increase fuel consumption by larger amount of seeded lines.
The soybean crop, in relation to the seeding density, has several studies in the literature, defining those that fit best for certain cultivars, however, studies on spatial arrangement of plants in the area, in cross--seeding system, are still incipient. In practice, cross--seeding is much observed in the area borders, as a compensatory manner, being the environmental conditions in which plants will be developed essential to maximize the expression of the productive potential of the cultivars. Nonetheless, for this to occur, the quality of seeding must be done effectively .
Hence, changes related to the population of plants can reduce or increase the gains in productivity because this characteristic is a consequence of the density of plants in the lines and their spacing between the planting rows. However, when the longitudinal distribution of plants is used as seeding quality indicator, being this uneven, it implies an inefficient use of available resources such as light, water and nutrients (Jasper et al., 2011) . The increase in population of soybean plants provided by the cross-seeding system has been an important way to provide increased productivity. This productivity increase can be associated with several factors, such as better use of water, due to faster shading of the soil, reducing intraspecific competition, greater ability to compete with weeds and rapid interception of solar energy (Rambo et al., 2003) .
In this context, statistical process control aims to quickly detect changes in parameters of certain processes, so that any problems can be detected and subsequently corrected before many non-compliant items are produced or causing the process nonachievement of the expected level of quality (Mingoti & Fidelis, 2001) . With the correction and the elimination of waste and failure, reduction in costs and increased productivity, many benefits will be added to the competitiveness of the field (Bonilla, 1994) .
The use of statistical process control to assess and/or monitor quality indicators from mechanized farming operations is still incipient in Brazil, though it is possible to find studies with applications of these tools usually using control charts (individual values and of moving range) in the mechanical harvesting of beans , coffee Custodio et al., 2012) and sugarcane (Noronha et al., 2011) , in the mechanized planting of sugarcane , and finally in mechanical seeding of peanut (Zerbato et al., 2014) .
Assuming that the soybean seeding systems may influence the longitudinal distribution of seeds and the final plant population, it was aimed to evaluate the quality of cross-seeding of soybeans compared to conventional, through quality indicators, using the statistical process control tools.
Material and methods
The experiment was conducted in the agricultural area of Jaboticabal-SP, in the vicinity of geodetic coordinates 21º14' latitude South and 48º17' longitude west, with an average altitude of 595 meters and an average slope of 4%. The soil of the experimental area, which was in the first year of installation of the no-tillage system, is classified as eutroferric Red Latosol, clayey and gently rolling relief, according to Andrioli & Centurion (1999) . The climate of this region is considered to be tropical with summer rains (Aw) by the classification of Köppen-Geiger, with an average temperature of the coldest month exceeding 19 °C, no winter season and rainy summer.
The characterization of the soil water content was carried out before sowing, by collecting 10 samples in 0.00-0.10 m layer according to the methodology recommended by EMBRAPA (1997) , in which a percentage of 20% was verified.
The mechanized set used was a MF660 tractor, 4x2 FWA (front wheel assist), with 110 kW (150 hp) engine, operated in 3 rd L gear, with a speed of 5.0 km h -1 , at 1900 rpm in the engine, with the front wheel assist triggered, and a precision seeder-fertilizer of the Marchesan brand, COP Suprema 7/4 model, with vertical pneumatic drive for metering the seeds.
The seeder was equipped for the no-tillage system (double discs mismatched for deposition of seeds and for opening the groove for the deposition of manure -350 kg ha -1 fertilizer with 02-20-20 formulation, shank and dual V seed firming-press wheels were used). The seeder was composed of seven sowing rows with row spacing of 0.45 m, and a working width of 3.15 m. The average depth of deposition of seed and fertilizer was 0.05 to 0.12 m, respectively, which were characterized in eight random sampling points in the experimental area (3.45 ha), measured with the aid of graduated ruler.
The soybean cultivar used was 50615RR 10sw. For the characterization of seeds germination, tests were performed to determine the percentage of germination, which was detected around 70%. This amount obtained is presented below the recommended to soybean crop (90 to 95% germination), however, in order to avoid failures and damage to the plant arrangement, the seeding density was increased to ensure plant population suitable for culture. It is noteworthy that the manufacturer's recommendation for this cultivar is to use 18 seeds m -1 for conventional seeding system, with the seeds presenting a germination potential of 95%.
The sampling scheme was composed by soybean conventional and cross-seeding systems, containing 30 repetitions or sampling points for each treatment. The statistical method used to monitor the sowing systems quality indicators was the statistical process control, making use of the control charts of individual values and moving range for each indicator. All evaluations were carried out in two rows of plants for both planting systems, in 3.00 m of evaluation, being the calculations made according to the average sample values, distributed on a sampling grid of 30 x 20 m.
The quality indicators used to assess the effectiveness of seeding in soybean conventional and cross-seeding systems were: longitudinal distribution between seedlings in the sowing row, determined by classification proposed by Kurachi et al. (1989) , based on reference spacing (Xref) according to the regulation of the sower (normal (0.5 . Xref < Xi < 1.5 . Xref), multiple (Xi < 0.5 . Xref) and flawed (Xi > 1.5 . Xref)), being the Xref: 4.16 cm (24 seeds m -1 ) and 5.55 cm (18 seeds m -1 ) for conventional seeding and for each row of crossseeding, respectively. The desired populations of plants, in virtue of the increased seeding density in relation to the recommended by the manufacturer, were 370,000 and 560,000 plants ha -1 for soybean conventional and crossseeding, respectively.
The final population of plants was measured in the same sample area and subsequently extrapolated to hectare. It is noteworthy that conventional seeding (CS) was performed in a traditional manner. The cross--seeding consisted of distribution of seeds in parallel rows, as is conventionally performed in soybean (CSML -cross-seeding in the main line), followed by new distribution over the same area, with the new lines forming angles of 90° in relation to the previous (CSCL -cross-seeding that crosses conventional lines), that is, forming a square gride of lines on the crop area.
The control charts of individual and mean amplitude values are constituted basically by the center line, which characterizes the overall average and the average of the moving range, as well as the upper and lower control limits, defined as UCL and LCL, respectively. The calculations used in the preparation of the control limits for charts of individual values were due to the overall mean and the standard deviation of the variables (for UCL, mean plus three times the standard deviation, and for LCL, average least three times standard deviation) as described by Montgomery (2009) , and when the sample values exceed the control limits, the process was considered unstable.
On the other hand, the calculation of the moving range control limits regards the mobile amplitude between two sampling points, in module, multiplied by the number of subgroups. For this study it was defined the number of subgroups as 1 (one). In this sense, the average moving range is calculated through the values that constitute the difference between two consecutive points in module, and when the difference between those points is beyond the control limits it is found that the process potentially has special causes influencing its quality, therefore, it depicts the variation within the sample at a given time instant (Montgomery, 2009) . It is emphasized that regardless of the normality assumption, these control charts models were prepared to analyze and detect the intrinsic and extrinsic variability to the process (Samohyl, 2009) .
Results and discussions
By the control charts of individual values for normal spacing (Figure 1a) , it is noted the occurrence of a point outside the control limit for both conventional seeding (CS) and cross-seeding in the main line (CSML), showing the instability of the process. Therefore, there is the existence of special causes or external sources of variation acting during the sowing process; these issues should be analyzed, and subsequently removed for future operations in order to achieve the process stability. For conventional seeding, the fact that the point exceeds the upper control limit (note nº 28) does not represent a problem, since the greatest amount of normal spacing is favorable for the sowing process. As for the main line of cross-seeding, although a higher average was observed, there was a point beyond the lower control limit (note nº 30), for such the likely reason for its occurrence can be associated with the displacement of seeds in the sowing line when the second step of the operation is performed, when the lines cross, thereby decreasing the occurrence of normal spacing. Silva et al. (2013) reported that the smaller the variation exists in the course of a given process, the better it was the quality with which it was carried out, being this situation extremely favorable to achieve the desired quality standards for mechanized farming operations. This can be accepted for this work, since despite conventional seeding presents unstable process, a higher percentage of normal spacing becomes desirable for soybean seeding, aiming better initial and final stand of plants. Melo et al. (2013) , assessing the distribution of seeds by mechanical and pneumatic seeders, using control charts of the exponentially weighted moving average (EWMA), reported the instability of the seeding process, describing that the inadequate regulation of the seeder resulted in the loss of quality during the operation. This result can be considered as different from the present study, since these results demonstrate the least amount of normal spacing for both cultivation systems.
Contrastively, for the charts of moving amplitude, for all lines of seeding, it can be noted the greater variability in cross-seeding in the crossing line (CSCL), which reflects in lower quality of operation in these sowing lines (Figure 1b) . Dias et al. (2009) , evaluating the distribution of soybean seeds as a function of seeding density and speed in the conventional system, reported values of approximately 50 and 60% of normal or acceptable spacing with seeds distribution of 16 and 20 m -1 seed, and working speed of the mechanized set of 5.0 km h -1 , being these results similar to normal spacing in conventional and cross--seeding systems in this work.
For quality indicator of flawed spacings (Figure  2a) , only for the main lines of cross-seeding (CSML) there was a point below the lower control limit (note nº 6) to the chart of individual values. However, despite the instability of the process for this quality indicator, a minimum number of points off the lower control limit may be favorable to the operation, because it is the lowest percentage of failures that occur in the seed distribution process. Cortez et al. (2006) studied the conventional mechanized sowing of soybean, through the longitudinal distribution of seeds under no-tillage system, and reported that approximately 24% had flawed spacings, results much lower when compared to the average obtained in the present work for this quality indicator. By determining the change in the seeding process (Figure 2b) , through the charts of moving range, one can observe a point above the upper control limit (note nº 23) for cross-seeding in the main line (CSML), resulting from the highest and lowest variability arising between the notes n° 21 and 22 from the charts of individual values. It is noteworthy that, even under control, conventional seeding showed greater variability (chart of moving amplitude) and its overall average (chart of individual values) has a higher percentage of flawed spacing, around 40%, compared to crossseeding lines that averaged approximately 30%. This situation can be explained by the fact that the lines intersect in cross-seeding system, with the greatest amount of distributed seeds when compared to the conventional system, having greater potential to avoid increasing the percentage of flawed spacings. Tourino et al. (2009) reported that the seeders pneumatic systems may favor the reduction of flawed spacing and hence provide conditions for establishing more uniform plant stands, possibly reflecting in increased productivity. This result has contrast with the values obtained in the present study, despite the fact that the seeder-fertilizer also has pneumatic seed suction mechanism, since the percentage of flawed spacings can be considered high for both seeding systems evaluated.
The double spacing quality indicator, expressed in percentage, was lower for the conventional seeding system compared to the lines of cross--seeding, also presenting the process stability, with all observations or sampling points remaining within the limits of lower and upper control, for both charts of individual values and moving amplitude (Figure 3a and  3b) . Such a situation may indicate that the variability for this indicator can only be assigned to common causes (random) of sowing, ie, it is intrinsic to this mechanized operation. Toledo et al. (2008) reported that when there is only random causes acting in the course of a given process, being determined by its stability, seeking to reduce or eliminate their sources of intrinsic variations can last for a long time and cause high expenditure of labor hand, possibly being not entirely feasible for the operation. This result is similar to the presented by this study, which also showed only common or random causes for the quality indicator of double spacing, being their values therefore considered acceptable for soybean conventional and cross-seeding.
Regarding the process variation (Figure 3b ), the moving amplitude chart of control showed greater variation in cross-seeding in its main line (CSML) for double spacing, this can be explained by the fact that on this line occurs another perpendicular (90º) passage to complete its spatial arrangement, affecting the spacing of deposition of seeds in the soil. Reis et al. (2007) studied the operational characteristics of a no-tillage seeder-fertilizer in soybeans, using seed dosing perforated discs, and found the lowest percentages of double spacing (12.8%) when the tractor-seeder worked at 7.7 km h -1 , a result similar to that found in this study in which the speed of the mechanized set was 5.0 km h -1 with use of pneumatic seed metering.
The final plant population, expressed in plants ha -1 , was stable throughout the operation, for all observations or sampling points remained between the control limits for both the chart of individual values and the moving amplitude ones (Figure 4a and 4b) . However, the cross-seeding system showed the highest variability of the process compared to the conventional (Figure 4b ). Such a situation may indicate that the variability arising from this quality indicator can be only attributed to common causes of sowing, and can be somewhat favorable for the operation.
On the other hand, the final population of plants (Figure 4a ) of the cross-seeding showed both the average (center line) and the distance of the largest control limits in comparison to conventional seeding, pointing, then, greater amount of seeds distributed at the time of sowing, naturally indicating the highest number of plants per hectare in the seeding system. It is noteworthy that the final population of plants found for conventional and cross-seeding were approximately 19% lower (370,000 plants ha -1 ) and 5% higher (560,000 plants ha -1 ), respectively, than the expected for this operation, being such variability potentially resulting from the batch of seeds used. Jasper et al. (2011) , studying working speeds in soybean conventional seeding with pneumatic seed feeders, reported average values of the final plant population of 300,000 plants ha -1 . These results may be different to those found in the present study, in which the mechanized assembly worked approximately at a speed of 5.0 km h -1 , resulting in higher final plant stand. 
Conclusions
Soybean seeding quality indicators are essential to carry out the monitoring of variability and factors influencing the operation.
The normal spacings featured outside the control limits, both for conventional seeding and for cross-seeding in its main line.
For fail spacing there is greater variability and percentage for conventional seeding, despite the process stability.
